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Aneurysms of the aorta and peripheral arteries are uncommon clinical conditions. When not treated, they can grow in size and cause death due to rupture. [1] The treatment of aneurysms has been done by the open surgical approach since the early 1950s. [2] With developments in endovascular techniques for the past 20 years, percutaneous treatment methods have become an alternative to the surgery. Its areas of use are on the increase due to its contribution in shortened duration of intensive care and hospital stay, reduced blood loss and transfusion requirement, its application in patients with other system problems, and because it has a lower mortality and morbidity rate. [2, 3] Some special endovascular devices have been developed which can be used in the presence of complex aneurysms of major side branches within or near the aneurysmal sac. The best known of these are chimney stent grafts, fenestrated stent grafts, [3, 4] and multilayer flow modulator (MFM) stents. [5, 6] Unlike aneurysms, there are insufficient studies on the use of MFM stents in dissections. The use of stent grafts (coated stents) instead of MFM stents in the presence of dissection would be more appropriate.
Multilayer flow modulator stents are self-expanding, three-layered, high-radial strength and elastic, chromecobalt alloy containing, and bare structured stents which are not coated with any material. They have been developed for the treatment of aneurysms of the aorta and peripheral arteries. These multilayered stents change the flow dynamics along the vessel, converting the turbulent flow in the aneurysm sac into a laminar flow, and at the same time acting as a passive barrier by significantly reducing the flow (>90%). They provide thrombus formation in the aneurysmal sac and the size of the aneurysm shrinks with time. The laminar flow does not cause any deterioration in the continuity of flow in the lateral branches. [7] In this study, early and midterm results of six patients who underwent conventional endovascular stent-grafts in combination with MFM stents were presented.
PATIENTS AND METHODS
The patient files and computer data of 78 patients who underwent endovascular stent graft implantation for an aortic aneurysm and dissection in our clinic between January 2014 and December 2016 were retrospectively reviewed, after obtaining approval from the Ethics Committee. The study was carried out in accordance with the principles of the Declaration of Helsinki. The study inclusion criteria were a diameter of the aneurysm of at least 55 mm or an aneurysm accompanied by dissection, and the MFM stent and other conventional stents being used in the same patient. Six male patients (mean age 69.5 years; range 63 to 77 years) from the 78 patients who met these criteria were included in the study. Placement of the stent-grafts into the aneurysm region without complications was defined as a successful intervention.
The common symptom in half of the patients was abdominal pain and back pain. Claudication on walking was also reported in one patient. The other two patients were asymptomatic. Evaluation of the patients according to etiology demonstrated that there was at least one disease associated with a non-specific degenerative aneurysm and aortic pathology in all of the patients. Two patients had Type B dissection according to Stanford classification, hypertension in four patients, diabetes mellitus in two patients, coronary artery disease and hyperlipidemia in two patients, while there were chronic obstructive pulmonary disease and peripheral atherosclerotic disease in one patient. The basic characteristics of the patient are shown in Table 1 .
All patients who were scheduled to undergo endovascular stent graft implantation in our clinic were subjected to contrast-enhanced computed tomography (CT) angiography with 1.5 cm section as a standard procedure. Detailed evaluation of the structure of the aneurysm and the state of the major lateral branches from the aneurysm were made on CT angiography. Aortic diameter, wall calcification, the presence of thrombus in the vascular lumen, the length and angulation of the aneurysm neck where the stent was to be placed were calculated. Examination of the iliac and femoral arteries was also performed with regards to the type and size of the graft according to the state of entry suitability. The healthy vessel placement site proximal and distal to the grafts were measured and graft diameter was determined as more than 20% of the diameter.
Complex thoracoabdominal aortic aneurysm with major lateral branch involvement was reported in all of six patients in this study. Four of the patients were identified as Type 2 according to Crawford calcification, and two as Type 4. Furthermore, two patients had Type B dissection according to Stanford classification, while biiliac artery aneurysm in two patients, left iliac artery aneurysm in one patient, and severe stenosis in the right iliac artery in one patient was reported. All of the aneurysms were fusiform. An endovascular intervention was scheduled because of the high mortality and morbidity rate associated with the surgery to be performed. Conventional stent grafts were preferred in aneurysms with no major lateral branch involvement and in the presence of dissection, while multilayer flow modulator stents were preferred for patients with major lateral branches within or near the aneurysmal sac. Cardiatis MFM stents (Cardiatis, Isnes, Belgium) were used in all patients while Endologix AFX abdominal bifurcated stent graft (Endologix, Inc., Irvine, CA, USA) were used in five patients. On the other hand, two patients were treated with Endologix AFX proximal-distal extension tube stent graft, one patient with Jotec E-vita thoracal tube stent graft (Jotec AG, Hechingen, Germany) and two patients with Bolton relay thoracic tube stent graft (Bolton Medical Inc. Sunrise, FL, USA) ( Table 2) .
After informing the patients about the procedures to be performed and obtaining written consents, the surgical operation was carried out after providing the necessary sterilization and operating environment in the angiography unit. All procedures were performed under local anesthesia and sedation via the femoral arteries.
Postoperative follow-ups of the patients were performed at 1, 3, 6 and 12 months. By the third month, endovascular stents were also evaluated by CT angiography.
Patients treated with combined procedures:

Patient1
Angiographic diagnosis: Type 2 aneurysm extending to a diameter of 65 mm at its widest point + biiliac aneurysm + Type B dissection extending from the left subclavian artery to about 2 cm proximal to the celiac artery (CA).
Procedure performed: Jotec E-Vita Thoracic, a 38 mm in diameter and 23 cm long thoracic graft-coated stent (1 piece) from the left main femoral artery, was positioned and opened at the level of the left subclavian (Figure 1a , b).
Patient2
Angiographic diagnosis: Type 2 aneurysm extending a diameter of 56 mm at its widest point + severe stenosis in the right common iliac artery.
Procedure performed: Bolton 36-32 mm, in a tapered structure, a 15 cm long (1 piece) thoracic graft-coated stent was positioned about 4-5 cm distal to the left subclavian artery. Endologix graft-coated bifurcated stent (1 piece) was placed with code number BA28-100/I20-40 (abdominal diameter 28 mm, iliac diameter 20 mm, abdominal length 100 mm, iliac length 40 mm). A cardiatis thoracoabdominal 35¥200 mm stent (1 piece) with code number MFM CTMS35200, which included CA, SMA and bilateral renal arteries was placed between the thoracic and abdominal stent grafts (including these two grafts). The right common iliac bifurcation level was dilated with an 8¥40 mm balloon.
Patient3
Angiographic diagnosis: Type 2 aneurysm extending a diameter of 55 mm at its widest point + Type B dissection.
Procedure performed: A Bolton 15 cm in long thoracic graft-coated tube stent (1 piece) (the widest area of the aneurysm and including the location of the tear in the intima of the dissection) with 32 mm diameter and 100 mm long tube graft structure, was opened by positioning a tube stent approximately 10 cm distal to the left subclavian artery. A cardiatis thoracoabdominal 40¥150 mm stent (1 piece) with code number MFM CTMS40150, was placed 5 cm proximal to the bifurcation level including CA, SMA, and bilateral renal arteries to oversize the inserted thoracic tube stent graft 2 cm distal to graft (Figure 2a, b) .
Patient4
Angiographic diagnosis: Type 4 aneurysm extending a diameter of 78 mm at its widest point + left iliac aneurysm. A Cardiatis thoracoabdominal 35¥100 mm stent (1 piece) with code number MFM CTMS35100 was placed from the point of the main trunk extending proximally from CT to the aortic bifurcation level, and including the CA, SMA, and bilateral renal arteries.
Patient5
Angiographic diagnosis: Type 2 aneurysm extending a diameter of 58 mm at its widest point.
Procedure performed: A Bolton Relay tube stent graft (1 piece) 38 mm in diameter and 150 mm in length was positioned at the level of the left subclavian artery. An Endologix graft-coated bifurcated stent (1 piece) was placed with code number BA28-80/I20-40 (abdominal diameter 28 mm iliac diameter 20 mm abdominal length 80 mm iliac length 40 mm). An aortic extension (1 piece) with code number Endologix A34-34/C80-020V (diameter 34 mm, length 80 mm, and a 20 mm bare metal proximal portion) was placed through the main trunk to the level of the renal arteries. Cardiatis thoracoabdominal MFM (40 mm diameter and 150 mm long, 1 piece) stent with code number CTMS40150, was placed between the abdominal and thoracic stent grafts (including CA-SMA-Renal arteries).
Patient6
Angiographic diagnosis: Type 4 aneurysm extending a diameter of 78 mm at its widest point + a biiliac aneurysm. 
RESULTS
Procedures were successfully completed in all six male patients. The mean duration of the procedure was 85 minutes, while the mean hospital stay was 6.5 days. Patients were followed-up for an average of 12 months (range 6-18 months) with regards to clinical event development. No case of mortality was reported during this period (Table 3) .
A Type 1 leak occurred during operation in one patient. The bifurcated stent which was placed on the abdominal aorta was the proximal end of the graft. Placement of an aortic stent graft extension was made during the procedure, and the leak was observed to be completely corrected during follow-up. One patient was reported to have an elevated creatinine level (2.1 mg/dL) on the second day after the procedure. There was no need for dialysis, and renal functions were completely normal by the seventh day. No complications were reported in the other patients during or after the procedure. All of the patients were discharged with 100 mg aspirin/day and 75 mg clopidogrel/day therapy.
No complications were reported during follow-ups conducted on postoperative 1 st , 3 rd , 6 th and 12 th month and on the CT angiography performed in the third month.
DISCUSSION
Multilayer flow modulator stents are a new technology-type of stents used in the treatment of thoracoabdominal aortic aneurysms. Although there are publications in the literature on the mid-and short-term outcomes of these stents, only a few publications have been reported on their use together with other conventional stent grafts. [6, 7] Surgical treatment of thoracoabdominal aortic aneurysms and Type B aortic dissections is a high intervention even in experienced centers, and the mean intraoperative mortality rate is reported at 5% and can rise up to 50% in the presence of a rupture. [8, 9] Although surgical procedures are the gold standard in the treatment of these diseases, endovascular methods have become the first choice in recent years. [10] [11] [12] With the development of new technologies, complex aneurysms have become endovascularly treatable, with increasing rates of complications and technical failure. [13, 14] Current treatment of thoracoabdominal aortic aneurysms is associated with a reduced mortality and morbidity rate. The most dangerous complications include rupture of the aneurysm, paraplegia and organ failure which may be associated with blockage of major branches. Flow in the major lateral branches is mechanically sustained when the aneurysm is isolated with Chimney and fenestrated stent grafts developed to provide reduced states of these conditions. However, the application of these stents is very difficult and the clinical results are not satisfactory. [5, 15] On the other hand, MFM stents, which have recently been developed and introduced into clinical practice, are easier to apply and do not require patient-specific preliminary preparations. The short and mid-term clinical results are also encouraging. [5, 6] Three studies using different types of stent grafts for thoracic aortic pathologies demonstrated that the 30 days mortality rate was 3.8 to 12.3%, while the rate of paraparesis/paraplegia was 2.5 to 5.5%, stroke: 2.8 to 8% and leakage: 11 to 12%. [16] [17] [18] In our study, no mortality was reported and the most important complications including paraplegia, stroke and major lateral branch blockage, did not develop. We attribute this to the fact that we used MFM stents in the region of the aneurysm with major lateral branches; however, our study sample was relatively small and we emphasize that this should be supported by more extensive studies.
The most common reported complication of endovascular treatment is leakage and varies between 10% and 50% in various studies. In the treatment of Type 1 and Type 3 leakages, a new graft should immediately be applied during the procedure. Type 2 leakage should be treated in cases where they the last for six months since they may cause dilation and rupture of the aneurysm. Type 4 leakage is occasionally caused by new generation stents. [19, 20] In our study, Type 1 leakage was reported only in one patient and was corrected by the additional tube graft placed during the procedure.
Endovascular treatment has become the preferred method of treatment for complicated Type B aortic dissections due to the high morbidity and mortality risks observed with conventional open surgery. The main objective is to cover the primary tear site with the stent-graft to direct blood flow into the real lumen and to reduce compression of the false lumen to the real lumen in order to provide antegrade flow to the main branch. [21, 22] Evaluation of the early stage results of endovascular stent graft application in the study published by Dias et al. [23] on acute complicated Type B aortic dissection, demonstrated a mortality rate of 16%. Stent-graft-related was reported in two patients within the first 30 days, whereas four patients were reported to have died due to cardiac causes. Paraplegia was also reported in one patient, stroke in four patients while the neurologic complication rate was reported as 22.7% (n=5). Sajid et al., [10] in their study reported that the primary tear site was successfully closed in 97.1% of patients using conventional stent grafts, with a one-month mortality rate of 2.8%. Furthermore, a 2.8% stroke, 2.8% permanent renal failure and 2.8% spinal cord ischemia rates were reported. [24] Stent grafts are widely used in Type B dissections, whereas there is very limited data in the literature on the use of MFM stents. In one of these studies which were published in 2011, Chocron et al. [25] successfully applied MFM stent on Type B dissection. The authors suggested that in the treatment of thoracoabdominal aortic aneurysms, MFM stents translate turbulent flow in the aneurysm into laminar flow, cause thrombosis in the aneurysm and that this may also be applicable to chronic aortic dissections. The authors also commented that if in the presence of multiple re-entries during chronic dissections, there would be turbulent blood flow due to the small nature of these re-entries, and that MFM stents could, therefore, be used.
In our study, the aneurysm was accompanied by Type B dissection in two patients. The main site of the tear in the intima of the dissection was distal to the left subclavian artery in both patients. We used tube stent grafts to cover this area and false lumen from the true lumen of the site. We do not prefer multilayer flow modulator stents because of the possibility of providing continuous flow into the false lumen and because there was not enough data on this subject in the literature. Complete recovery was achieved in both of our patients after the procedure and there were no reported complications.
Another reason for the use of multilayer flow modulator stents in combination with other stent grafts is the fact that the cost of MFM stents is significantly higher in Turkey than the other stent grafts, and the cost of combined use is low. Despite the cost, the MFM stents were preferred because flow in the major branches persisted, from within or near the aneurysm at the exit of the major branches, and especially at the levels of the aneurysms into the CA, SMA, and renal arteries.
Our study has some limitations, which include a relatively few patient groups, such as of six patients, and the 12-month mid-term results devoid of any longterm results. Although we did not have any mortality or serious complications in any of our patients, we suggest that careful patient selection is necessary when using MFM stents.
In conclusion, we think that the combined use of different structural features and stents increases the chances of success and decreases the complication rates in complex aortic aneurysms, depending on the type of stent selected according to characteristics of the aneurysm.
